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Supporting Information 

Determining Orientational Structure of Diamondoid Thiols Attached to Silver 

Using Near-Edge X-ray Absorption Fine Structure Spectroscopy 
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     These plots indicate the “magic manifolds” 

or combinations of tilt and twist for the 4 

diamondoids studied which would lead to no 

angular dependence.   These were found by 

observing the intensity as a function of  the 

cosine squared of the incident angle.  More 

specifically, observing where the slope, found 

by 

is close to zero. 

     The plots also compare “building-block” and 

DFT-computed transition dipole moments.  The 

black line represents the calculation by 

considering TDM’s to lie along sigma bonds in 

the molecule (building block).  The red and 

blue are preliminary results by using computed 

spectra generated by the StoBe DFT code as 

outlined in the text.  The red are the result of 

integrating over the intensities in the C-H !* / 

R* region, while the blue integrate over the C-C 

!* region.  Due to the more involved 

calculation, these were computed at 4 degree 

intervals in tilt and twist.  For samples 1, 2, and 

3, an absolute value of  slope from the above 

equation with a value less than (arbitrarly 

chosen) 0.02 or 0.01 (for the C-H !* / R* and 

C-C !* regions, respectively) are plotted.  The 

constants were reduced in the case of sample 4, 

but the  slopes are still smaller at any 

orientation in the C-C !* region. 

     These preliminary results also indicate that 

for the diamondoids in this particular case, the 

building block approximation is sufficient to 

give an estimate molecular orientation. 
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Plots Of Orientation that would Lead to No NEXAFS Angular Dependence 
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This is a plot of contour lines of specific slopes for the C-H (red) and C-C !* (blue) 

resonances for [121]tetramantane-6-thiol, as a function of the cosine squared of incident 

angle, all divided by the resonance at 20 degrees, as presented in the text.  This figure 

augments figure 2 in the text.  The tilts and twists that would give no polarization dependence 

are plotted as purple lines, as in Figure 2.  Additionally, positive slopes for the C-H are 

between the lines, while negative lie above and below.  The converse is true for the C-C 

resonance. 
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Plots Of Contour Lines, Positive and Negative Slopes of  I(!)/I(20º) vs cos2
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Presented are the data for  

[121]tetramantane-2-thiol on Ag (top two 

panes) and on Au (lower two panes).  Below 

are the resonant intensities as well as the 

derived orientations, in similar fashion as 

figure 4. 
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Additional NEXAFS Data 
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Additional NEXAFS Data 

Presented are the data for  

[121]tetramantane-6-thiol on Ag (top two 

panes) and on Au (lower two panes).  Below 

are the resonant intensities as well as the 

derived orientations, in similar fashion as 

figure 4. 
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Additional NEXAFS Data 

Presented are the data for  

[1212]pentamantane-13-thiol on Ag (top two 

panes) and on Au (lower two panes).  Below 

are the resonant intensities as well as the 

derived orientations, in similar fashion as 

figure 4. 
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Additional NEXAFS Data 

Presented are the data for  

[1(2,3)4]pentamantane-7-thiol on Ag (top two 

panes) and on Au (lower two panes).  The top 

Ag trace is believed to have significant 

contamination in the monolayer and/or the 

normalization clean Ag surface.  The two 

lower scans on Au also may have had some 

slight contamination.    Below are the resonant 

intensities.  The derived orientations are 

meaningless as they either cover any sterically 

possible orientation (top, Ag and bottom Au) 

or overlap with no possible orientations as in 

the rest of the resonances.  The plots consider 

a molecular axis along the S-C bond, in 

similar fashion as figure 4. 
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Sulfur 2p XPS data 

     Sulfur 2p spectra were acquired for each 

sample using a photon energy of  270 eV. 

Representative XPS spectra are presented here 

for each sample.  Data points are plotted, 

along with a fit of the peaks in black and blue 

respectively.  The deconvoluted peaks are 

presented in brown, green, pink, and blue.  

The residuals of the fit are plotted at the 

bottom of each pane. 

     With the exception of [121]tetramantane-2-

thiol on Ag, all monolayers predominantly 

consist of a single doublet with S 2p3/2 at about 

161.9 eV.  This doublet is indicative of  silver-

thiolate bonding. 

     [121]tetramantane-2-thiol also shows a 

doublet with S 2p3/2 at about 161 eV; this peak 

is most often attributed to elemental sulfur on 

the surface.  The peak at about 163.5 is 

attributed to unbound thiol and/or disulfide. 

The ratio of C 1s to Au 3d5/2 intensity is a 

rough measure of thickness:  with 500 eV 

photon energy, this ratio is for 1: 0.5-0.6, 2: 

1.0-1.2, 3: 1.5, 4: 0.8-0.9.  For comparison, 

dodecanethiol is about 3-4. 
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Double Normalization:  Obtaining Clean Ag Reference Absorption 

     Working on silver substrates in TEY mode 

requires double normalization to not only the 

upstream gold I0 grid but a reasonably clean 

silver substrate, as described in the text.  This 

is easily accomplished by gently heating the 

silver substrate in UHV to remove the SAM.  

The sample is heated until the C 1s 

photoelectron peak is no longer 

distinguishable from the background, (about 

100° C) and then the reference NEXAFS 

signal from this clean Ag substrate is quickly 

acquired.  At right are XPS spectra from one 

of our reference substrates during data 

acquisition; the top pane is the C 1s region.  

The peak from a dodecanethiol SAM  (about  

twice as thick as our diamondoid SAMs) is 

shown in black.  After heating, the red 

spectrum reveals carbon contamination at or 

below the detection limit of the XPS, 

estimated at less than a few percent.  

Conversely, in the lower pane, Ag 3d 

photoelectrons are attenuated by the SAM 

(black) and are much more prominent after 

SAM removal (red).   


